Abstract. Rhizoma Atractylodis macrocephalae have an important role in treating cerebrovascular diseases in Traditional Chinese Medicine (TCM). The purpose of the present study was to determine the neuroprotective effect of Atractylodis macrocephalaon polysaccharides (AMPS) on hypoxia-induced apoptosis of cerebral cortical neurons. Neuronal cells obtained from neonatal rats were divided into the following groups: Normal control (group C); apoptosis positive induced by hypoxia-reoxygenation culture of rat primary cerebral cortical neurons (group A); treated with 0.025 g/l AMPS prior to hypoxia culture of neurons (AMPS 1 ); treated with 0.05 g/l AMPS (AMPS 2 ); treated with 0.1 g/l AMPS (AMPS 3 ); and treated with 0.25 g/l AMPS (AMPS 4 ). Neuronal apoptosis was examined with Annexin V-fluorescein isothiocyanate/propidium iodide, Hoechst 33342 fluorescent staining, Rhodamine 123 staining, polymerase chain reaction assay and immunocytochemical staining. The results showed that the AMPS significantly prevented the growth inhibition, mitochondrial injury and apoptosis of neurons induced by hypoxia. The levels of Caspase-3 and Bax mRNAs and proteins were significantly downregulated by AMPS in neurons exposed to hypoxia, and the levels of B-cell lymphoma 2 (Bcl-2) protein was significantly upregulated by AMPS in neurons exposed to hypoxia, as compared with group A (P<0.05). The ratio of Bcl-2/Bcl-2-associated X protein (Bax) mRNA and protein was significantly increased by AMPS in neurons exposed to hypoxia as compared with group A (P<0.05). The observed improved neuronal growth and inhibition neuronal apoptosis by AMPS may be due to a decrease in the levels of Bax and Caspase-3 and an increase in the levels of Bcl-2 and the ratio of Bcl-2/Bax in hypoxic neurons.
Introduction
In acute or chronic ischemia/hypoxia, necrosis and apoptosis of neurons may be caused. Traditional Chinese Medicine (TCM) possesses a unique advantage in this field due to comprehensive knowledge in the treatment of ischemic stroke. Notably, the prescriptions with the main drugs of rhizoma Atractylodis macrocephalae (1, 2) , ginseng (3), Astragalus (4) and Polygonatum (5), Chinese herbs with qi-invigorating properties have great therapeutic benefit for treating ischemic stroke and vascular dementia (VD) in the recovery of neurological function. In TCM, Chinese herbs with the same drug properties possess an identical or similar drug efficacy.
Rhizoma Atractylodis macrocephalae is a herb which invigorates the spleen and supplements qi in the Chinese Pharmacopoeia and has a variety of pharmacological or physiological effects on the central nervous system. Atractylodes macrocephalaon polysaccharides (AMPS) are the active ingredients of the Chinese Herbal Medicine rhizoma Atractylodis macrocephalae. In a rat model of middle cerebral artery occlusion (MCAO), the neurological deficit scores and injured neurons in AMPS-treated groups were significantly lower and fewer compared with the MCAO group following administration of 4% AMPS solution (40 mg/kg b.w.) via femoral vein injection (P<0.05-0.01). AMPS markedly inhibited inducible nitric oxide synthase (iNOS) expression and alleviated brain edema in ischemic areas (6, 7) . D-galactose-induced mimetic aging mice treated by intragastric administration with AMPS (0.28 g/kg b.w/d) exhibited significantly elevated levels of superoxide dismutase (SOD) and glutathione peroxidase (GSH-Px) as well as decreased levels of malondialdehyde (MDA) and DNA damage in the cerebral cortex neurons in rats (8) . With intragastric administration of rhizoma Atractylodis macrocephalae decoction or AMPS to mice, learning ability and memory as well as SOD activity in the brains were significantly Neuroprotective effect of Atractylodes macrocephalaon polysaccharides in vitro on neuronal apoptosis induced by hypoxia increased, while the contents of MDA and lipofuscin (LPF) in the brains were markedly decreased. However, the curative effect of a rhizoma Atractylodis macrocephalae decoction and AMPS did not exhibit marked differences (9) . Other qi-invigorating herbs and their active ingredients, including ginsenosides (10) , Astragalus extract (11) and astragaloside IV (12) , significantly attenuated terminal deoxynucleotidyl transferase dUTP nick end labeling-positive cells and levels of neuronal apoptosis caused by cerebral ischemia-reperfusion injury. The neuroprotective effect of these herbs may be based on marked increases of ATP and ADP levels, energy charge value, Na (+) -K (+) -ATPase, SOD activity and B-cell lymphoma 2 (Bcl-2) expression, as well as downregulation of the expression of phosphorylated c-Jun N-terminal kinase (p-JNK) 1/2, cytochrome C (cyt C), calpain I, Caspase-1, Caspase-9 and Caspase-3, and the MDA content and iNOS activity in rat and mice models of MCAO and bilateral common carotid artery occlusion (BCCAO). The ginsenoside Rg2 significantly improved neurological responses and memory ability, increased the expression of Bcl-2 and heat shock protein (Hsp) 70 proteins and decreased the expression of Bax and p53 proteins in rats with vascular dementia (13) . In mice administered with dexamethasone, the treatment with Astragalus extract significantly improved learning and memory, decreased the expression of Caspase-3 and cyt C in the hippocampus and neocortex and inhibited the activity of Caspase-9 and Caspase-3 (14) .
In vitro, a rhizoma Atractylodis macrocephalae extract significantly elevated the cell viability and reduced the number of apoptotic cells in glutamate excitotoxicity-induced neuronal apoptosis of primary cultured cerebral cortical neurons (15) . The ginsenoside Rg1 is able to increase neuronal viability, reduce lactate dehydrogenase release and evade cell apoptosis induced by β-amyloid protein [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] ], as well as decrease the levels of Caspase-3 and increase the ratio of Bcl-2/Bax in primary cultured rat hippocampal neuronal cells (16) . Previous studies by our group have also demonstrated that polysaccharides from Polygonatum (17) and white hyacinth bean (18, 19) , a qi-invigorating herb in TCM, added prior to hypoxia, showed activity against necrosis and apoptosis of neurons induced by hypoxia in rat primary cerebral cortical neuronal cells, significantly reduced the levels of Bax and Caspase-3 proteins and increased the levels of Bcl-2 protein and the ratio of Bcl-2/Bax.
In the present study, the neuroprotective effect of AMPS on hypoxia-induced apoptosis of cerebral cortical neurons cultured in vitro was investigated. The study provided marked experimental evidence supporting the hypothesis that AMPS improves neuronal growth activity under hypoxia and inhibits apoptosis of neurons induced by hypoxia, which provides a theoretical basis for the reasonable administration for preventing and treating ischemic cerebral diseases and aging effects.
Materials and methods

Materials.
Neurobasal medium and B-27 supplement were obtained from Gibco-BRL (Carlsbad, CA, USA). Equine serum, poly-D-lysine and trypsin were obtained from Sigma Chemical Co. (St. Louis, MO, USA). AMPS (purity, >95.0%) was obtained from Nanjing Zelang Medical Technological Co., Ltd.
(Nanjing, Jiangsu, China Primary serum-free culture of cerebral cortical neurons. The neuronal suspension was prepared from neonatal rats according to a previously described method (17) . Cell suspension (5x10 5 /ml) was inoculated in 96, 24 or six-well culture plates coated with poly-lysine. The culture plates were placed in a CO 2 incubator (Thermo Fisher Scientific, Waltham, MA, USA) at 37˚C, 5% CO 2 and saturated humidity for 4 h. After 4 h, the Dulbecco's modified Eagle medium (DMEM; Gibco-BRL) containing 10% equine serum was removed, and 2.0% B27 neurobasal medium was added to the cells for further culture. Half of culture medium was replaced after three days.
Cytotoxicity of AMPS on the cerebral cortical neurons in primary serum-free culture. Neuronal suspension (0.1 ml of 5x10 5 /ml) was inoculated in 96-well culture plates coated with poly-lysine, and placed in an incubator at 37˚C with 5% CO 2 and saturated humidity for 4 h. After 4 h, the DMEM containing 10% equine serum was removed, 2.0% B27 neurobasal medium was added to the cultured cells for further culture for 4 days, and 0.025, 0.05, 0.10, 0.25, 0.50, 1.0, 2.0 or 4.0 g/l AMPS was added to the cultured cells for a further 48 h. Prior to termination of the neuronal culture, the culture media was removed, and 0.1 ml culture media containing 0.5% MTT was added to the 96-well plates prior to incubation for 4 h. Next, the culture media was removed, 0.15 ml dimethylsulfoxide (DMSO) was added to wells, the plates agitated for 10 min and the absorbance [optical density (OD) value] was detected at 490 nm wavelength by a microplate reader (ELX800; Labststems, Helsinki, Finland) (each group consisted of three wells).
Cytotoxicity of AMPS on the cerebral cortical neurons in primary serum-free hypoxia/reoxygenation culture. The neuron suspension (0.1 ml of 5x10 5 /ml) was inoculated in 96-well culture plates coated with poly-lysine and placed in an incubator at 37˚C with 5% CO 2 and saturated humidity for 4 h. After 4 h, the DMEM containing 10% equine serum was removed, 2.0% B27 neurobasal medium was added to the culture cells for a further 4 days, and 0.025, 0.05, 0.10, 0.25, 0.50 or 1.0 g/l AMPS was added to the cultured cells for a further 4 h. The 96-well culture plates were then placed into hypoxia culture (85% nitrogen, 10% hydrogen and 5% carbon dioxide, at 37˚C; YQX-II, anaerobic system; Shanghai Hengyue Medical Instruments Co., Ltd, Shanghai, China) for 12 h and then placed in a 5% CO 2 incubator reoxygenation culture for 24 h. Prior to termination of the neuron culture, the culture media was removed and 0.1 ml culture media containing 0.5% MTT was added to the 96-well plates prior to incubation for 4 h. Next, the culture media was removed, 0.15 ml DMSO was added to the wells, plates were agitated for 10 min and the OD value was detected at 490 nm wavelength by a microplate reader.
Grouping. The animals were divided into the following groups: (i) Normal control (group C); 5x10 5 /ml neurons were cultured in the incubator at 37˚C, 5% CO 2 and saturated humidity for 6 days; (ii) apoptosis positive (group A); 5x10 5 /ml neuron suspension was cultured in the incubator at 37˚C, 5% CO 2 and saturated humidity for 4 days, neurons were placed into hypoxia culture for 12 h, followed by placement into a 5% CO 2 reoxygenation culture for 24 h; (iii) experimental-I (group AMPS 1 ); (iv) experimental-II (group AMPS 2 ); (v) experimental-III (group AMPS 3 ); and (vi) experimental-IV (group AMPS 4 ), following neuronal culturing at 5x10 5 /ml in the incubator at 37˚C, 5% CO 2 and saturated humidity for 4 days, 0.025, 0.05, 0.10 or 0.25 g/l AMPS was added to the cells for a further 4 h, respectively, the neurons were then placed into hypoxic culture for 12 h and then placed into 5% CO 2 reoxygenation culture for 24 h.
Hoechst 33342 fluorescence staining. Hoechst 33342 fluorescence staining was performed in accordance with the method used in a previous study (17) . Apoptotic neurons were observed by fluorescence microscopy. Neurons (n, 200) were randomly counted under a high power microscope (DMI 3000; Leica Microsystems, Wetzlar, Germany) and the apoptotic rate was calculated. Apoptotic rate (%) = number of apoptotic neurons/total number of neurons x100%.
Annexin V/propidium iodide (PI) double staining and flow cytometric detection.
The neurons were digested with 0.02% EDTA and 0.125% pancreatin solution. The neuronal suspension was centrifuged for 5 min (300 x g) and the supernatant was removed. The neurons were rinsed twice with phosphate-buffered saline (PBS) followed by centrifugation for 5 min (300 x g). Cells (1-5x10 5 ) were suspended in 500 µl binding buffer and 5 µl Annexin-FITC was added followed by mixing, 5 µl PI was added followed by mixing and cells were incubated at room temperature in the dark for 10 min followed by centrifugation for 5 min (300 x g). The labeling liquid was removed and cells were rinsed with the incubation buffer once. Argon ion exited fluorescence was used for detection by flow cytometry (Coulter Epics XL; Beckman Coulter Inc., Brea, CA, USA). The wavelength was 488 nm. Flowjo 7.6 software was used (Tree Star Inc., Ashland, OR, USA).
Rhodamine 123 staining and flow cytometric detection.
Rhodamine 123 staining was performed according to the manufacturer's instructions. In brief, hypoxia-reoxygenation cultured neurons were digested with 0.02% EDTA and 0.125% pancreatin solution, and the mixture was centrifuged for 5 min (300 x g). The supernatant was removed, the neurons were rinsed with PBS three times and the Rhodamine 123 dye (final concentration of 0.005 g/l) was added to. Following incubation for 20 min, the neurons were rinsed three times with PBS and incubated for 60 min. Next, the neurons were collected and Argon ion exited fluorescence was used for detection by flow cytometry at a detection wavelength of 488 nm. Flowjo 7.6 software was used to analyze fluorescence intensity.
Quantitative polymerase chain reaction (qPCR) assay. The qPCR assay (MyCycler™ Thermal Cycler; Bio-Rad, Hercules, CA, USA) was performed according to the manufacturer's instructions. In brief, mRNA extraction was performed as follows. TRIzol extraction for 5 min, followed by chloroform treatment for 2 min, centrifugation at 12,000 x g for 15 min, isopropyl alcohol treatment for 20 min, then further centrifugation at 12,000 x g for 10 min. The supernatant was removed and 75% ethanol precipitation was performed, followed by centrifugation at 7,500 x g for 5 min, supernatant removal, air drying and the addition of DEPC H 2 O to dissolve mRNA at 65˚C for 10-15 min. The OD value of the RNA was measured at 260 nm wavelength using an ultraviolet spectrophotometer. The RNA OD value was used to calculate the concentration as follows: RNA concentration (mg/ml) = 40 x OD 260 value x dilution ratio/1,000. mRNA reverse transcription to synthesie the cDNA was performed as follows. Total mRNA (3 µl), 1 µl random primer (0.1 µg/ml), 10 µl 2X TS reaction mix, 1 µl TransScript™ RT/RI enzyme mix and 5 µl RNasefree water were mixed and incubated at 25˚C for 10 min, 42˚C for 30 min and 85˚C for 5 min. The β-actin, Caspase-3 and Bax and Bcl-2 genes were amplified according to the following protocol. The cDNA (3 µl), 1 µl forward primer (10 µM), 1 µl reverse primer (10 µM), 25 µl 2X TransTap™ HiFi PCR SuperMix II and 20 µl ddH 2 O were mixed then subjected to 32 cycles (94˚C for 5 min, 94˚C for 30 sec, 55˚C for 30 sec, 72˚C for 1 min and 72˚C for 10 min) for β-actin and Caspase-3 and 32 cycles (94˚C for 5 min, 94˚C 30 sec, and 58˚C for 30 sec, 72˚C 1 min and 72˚C for 10 min) for Bax and Bcl-2. Agarose electrophoresis was performed using 5 µl of the gene samples at 120 V for 45 min. The OD value of DNA banding was measured by Quantity One. The purpose gene expression quantity was calculated via the ratio of the OD values of the respective gene versus the OD value of the internal control.
The gene primer sequences were: β-actin forward, 5'-TCAGGTCATCACTATCGGCAAT-3' and reverse, 5'-AAA GAAAGGGTGTAAAACGCA-3', amplification length, 432 bp; Caspase-3 forward, 5'-GCATGCCATATCATCGT CAG-3' and reverse, 5'-GGACCTGTGGACCTGAAAAA-3', amplification length, 159 bp; Bax forward, 5'-GATCAGC TCGGGCACTTTAG-3' and reverse, 5'-TGCAGAGGATGAT TGCTGAC-3' , amplification length, 173 bp; and Bcl-2 forward, 5'-ATGCCGGTTCAGGTACTCAG-3' and reverse, 5'-CGACT TTGCAGAGATGTCCA-3' , amplification length, 223 bp.
Immunocytochemical staining. Neuronal immunocytochemical staining was performed in accordance with the method used in a previous study (17) . Rabbit anti-rat neuron-specific enolase polyclonal antibody (diluted 1:50), rabbit anti-rat glial fibrillary acidic protein polyclonal antibody ( Statistical analysis. The experimental data are expressed as the mean ± standard deviation. The comparison among groups was performed using one-way analysis of variance and least significant difference tests were used for comparison between two groups. P<0.05 was considered to indicate a statistically significant difference.
Results
Effect of AMPS on the cultured cerebral cortical neurons.
Following four days of culturing, the neurons were incubated with AMPS for 48 h. The MTT assay showed that the neuronal activity improved following treatment with 0.025-1.0 g/l AMPS, but a significant increase was only observed at 0.025-0.50 g/l treatment as compared with those in group C (P<0.05). Cytotoxicity was observed when the dosage was increased to 2.0 g/l (Table I) .
Effect of AMPS on the cultured cerebral cortical neurons induced by hypoxia/reoxygenation. Following 4 days of culturing, AMPS was added for a 4 h pretreatment, followed by 12 h hypoxia and 24 h reoxygenation culture. The neuronal activity improved following treatment with 0.025-0.5 g/l AMPS and was significantly increased in the 0.025-0.05 g/l group as compared with that in group A (P<0.05), although the neuronal activity remained decreased as compared with that in group C (P<0.05). Cytotoxicity was observed when the dosage was increased to 1.0 g/l (Table II) . These results suggest that the hypoxic neurons may be protected by 0.025-0.5 g/l AMPS.
Effect of AMPS on cerebral cortical neuronal apoptosis induced by hypoxia/reoxygenation. Following 4 days of culturing, AMPS was added for 4 h pretreatment, followed by 12 h hypoxia and 24 h reoxygenation culture. The neuronal apoptosis rate following treatment with 0.025-0.25 g/l AMPS was significantly decreased, particularly at 0.025 g/l, as indicated by the Hoechst-33342 fluorescence staining, as compared with that in group A (P<0.05), although the neuronal apoptosis rate remained increased as compared with that in group C (P<0.05; Table III) .
Following 4 days of culturing, AMPS was added for 4 h pretreatment, followed by 12 h hypoxia and 24 h reoxygenation culture. The neuronal apoptosis rates following treatment with AMPS at 0.025-0.25 g/l were significantly decreased in early apoptosis, particularly at 0.025 g/l, as observed by Annexin V/PI double staining, as compared with those in group A (P<0.05). However, the neuronal apoptotic rates remained increased as compared with those in group C (P<0.05). In the late apoptosis rate there were no marked differences in each AMPS group as compared with that in group A (P>0.05; Table IV) .
Following 4 days of culturing, AMPS was added for 4 h pretreatment, followed by 12 h hypoxia and 24 h reoxygenation culture. Rhodamine 123 mean fluorescence intensity and the mitochondrial injury of neurons following treatment with 0.025-0.10 g/l AMPS were significantly increased and alleviated, particularly at 0.05 g/l, as compared with those in group A (P<0.05). However, Rhodamine 123 mean fluorescence intensity was decreased as compared with that in group C (P<0.05; Table V; Fig. 1 ). The results suggest that hypoxic neuronal apoptosis was significantly decreased following AMPS administration.
Following 4 days of culturing, AMPS was added for 4 h pretreatment, followed by 12 h hypoxia and 24 h reoxygenation culture. mRNA expression of Caspase-3 in neurons treated with 0.025-0.05 g/l AMPS was significantly downregulated and the Bax mRNA expression of neurons treated with 0.05 g/l AMPS was significantly downregulated as indicated by PCR as compared with that in group A (P<0.05). However, the mRNA expression of Caspase-3 and Bax of neurons remained increased. The mRNA expression of Bcl-2 in neurons remained decreased as compared with that in group C (P<0.05; Table VI; Fig. 2) . The results suggested that the hypoxic neuronal apoptosis reduction was due to a decreased expression of apoptosis regulating genes following AMPS administration.
Following 4 days of culturing, AMPS was added for 4 h pretreatment, followed by 12 h hypoxia and 24 h reoxygenation culture. The expression of Caspase-3 protein of neurons treated with 0.025-0.25 g/l AMPS was significantly downregulated, particularly at 0.05 g/l, the expression of Bax protein of neurons treated with 0.025-0.25 g/l AMPS was significantly downregulated, particularly at 0.05 g/l and the expression of Bcl-2 protein of neurons treated with 0.025-0.25 g/l AMPS was significantly upregulated, particularly at 0.05 g/l treatment, as indicated by immunocytochemical staining as compared with those in group A (P<0.05). However, the expression of Caspase-3 and Bax proteins in neurons remained increased and the expression of Bcl-2 protein of neurons remained decreased as compared with those in group C (P<0.05; Table VII ). The results suggested that the reduction of neuronal apoptosis under hypoxia following AMPS treatment was due to a decrease in the expression of apoptosis-initiating proteins and an increase in anti-apoptotic proteins. Following 4 days of culturing, AMPS was added for 4 h pretreatment, followed by 12 h hypoxia and 24 h reoxygenation culture. The ratio of Bcl-2/Bax was significantly increased by AMPS at 0.025-0.05 g/l for genes and at 0.025-0.10 g/l for proteins in neurons exposed to hypoxia-reoxygenation as compared with that in group A (P<0.05). However, the ratio of Bcl-2/Bax remained decreased as compared with that in group C (P<0.05; Table VI-VII). The results suggested that the reduction in hypoxic neuronal apoptosis was due to a significantly elevated ratio of Bcl-2/Bax at the gene and protein levels following AMPS administration.
Discussion
Rhizoma Atractylodis macrocephalae, which has similarities with ginseng, Astragalus and Polygonatum, is a qi-invigorating herb in TCM and has been used for thousands of years in the treatment of cerebrovascular disease and neurological disorders in China. Preparations containing the major components of rhizoma Atractylodis macrocephalae (1) have a marked therapeutic benefit against ischemic stroke. A decoction of Palmul-Chongmyeong-Tang with the major pharmaceutically active components of rhizoma Atractylodis macrocephalae was administered to rats with MCAO and produced a significant improvement in escape latency to find the platform in the Morris water maze and reduced the loss of cholinergic immunoreactivity in the hippocampus induced by cerebral ischemia (20) . A preparation containing the major components of rhizoma Atractylodis macrocephalae was administered to mice injured by repetitive cerebral ischemia-reperfusion in a model of VD and inhibited lipid peroxidation (LPO), elevated activity in (Na )-ATPase and reduced the production of nitric oxide (NO) in cortical tissue (21) . AMPS are the active ingredients of the Chinese Herbal Medicine rhizoma Atractylodis macrocephalae. In rat models of MCAO, the neurological deficit scores and injured neurons in the AMPS group were significantly lower and fewer compared with the MCAO group following femoral vein injection with 4% AMPS solution (40 mg/kg b.w.) (P<0.05-0.01). In addition, AMPS markedly inhibited iNOS expression and alleviated brain edema in ischemic areas (6,7). D-galactose-induced mimetic aging mice treated by intragastric administration of AMPS (0.28 g/kg b.w/d) significantly elevated the levels of SOD and glutathione peroxidase (GSH-Px) and decreased MDA and DNA damage in the cerebral cortex neurons of rats (8) . Following intragastric administration of a rhizoma Atractylodis macrocephalae decoction or AMPS to mice, the learning ability, memory and SOD activity in the brain was significantly increased, while the contents of MDA and lipofuscin (LPF) in the brain were markedly decreased (9) . When AMPS was administered to aged rats, the Caspase-3 activity ratio, expression levels of the second mitochondria-derived activator of caspases (Smac/DIABLO), which is a secondary mitochondria-derived activator of Caspases and HtrA2/Omi protein, a mitochondrial serine protease, as well as levels of Smac/DIABLO and HtrA2/Omi mRNA levels were markedly reduced and cell apoptosis was inhibited in the aged rats (22) .
According to TCM, Herbal Medicines with the same properties exert identical or similar therapeutic effects. It has been confirmed that qi-invigorating herbs and their active ingredients are efficacious against neuronal apoptosis. In vitro, ginseng pectin attenuates H 2 O 2 -induced cell damage at >26% and increases the phosphorylation of the extracellular signal-regulated kinases 1 and 2 and Akt in primary cortical neuronal cells, which suggests that ginseng possesses a neuroprotective effect against H 2 O 2 -induced neuronal apoptosis (23) . The aqueous extract of ginseng exerts an inhibitory effect on cell death, overproduction of ROS and release of cyt C in 1-methyl-4-phenylpyridinium ion-induced cytotoxicity of SH-SY5Y cells (24) . Ginsenosides Rb1 and Rg1 protected spinal neurons from excitotoxicity induced by glutamate and kainic acid, as well as oxidative stress induced by H 2 O 2 . These neuroprotective effects are dose-dependent (25) . A rhizoma Atractylodis macrocephalae extract significantly increased cell viability and reduced neuronal apoptosis in glutamate excitotoxicity-induced neuronal apoptosis of primary cultured cerebral cortical neurons (15) . Neuronal hypoxia led to the generation of free oxygen radicals, ROS, which injures mitochondria and induces cell apoptosis. However, Rhodamine 123 mean fluorescence intensity was significantly increased and the mitochondrial injury of neurons was significantly alleviated in the hypoxic neurons pre-treated with AMPS, which suggests that AMPS is a potent scavenger of ROS. Notably, it was demonstrated by Hoechst 33342 and Annexin V/PI double fluorescence staining that the apoptosis of hypoxic neurons was significantly inhibited by AMPS administration; however, this was pharmacologically dose-dependent.
Whether cell apoptosis occurs depends on the expression of pro-or anti-apoptotic genes and their protein production, particularly the ratio of Bcl-2/Bax. Caspase-3 and Bax are pro-apoptotic, whereas Bcl-2 has anti-apoptotic properties. In a rat model of MCAO, ginsenosides Rg2 and Rg3 showed significant neuroprotective effects and improved the neurological responses and memory ability, which significantly suppressed the expression of Caspase-3 mRNA, as well as Bax and P53 proteins, increased the expression of Bcl-2 and Hsp70 proteins and markedly reduced cerebral infarct volumes (10, 13) . In a mouse model of BCCAO, an Astragalus extract significantly downregulated the expression of Caspase-9 and Caspase-3, increased neurocyte survival and decreased the neurocyte apoptosis rate (11) . In a rat model of MCAO, astragaloside IV downregulated Caspase-3 mRNA expression and upregulated Bcl-2 expression (12) . In a rat model of neonatal hypoxia-ischemia, the neuronal death rate and Caspase-3 mRNA levels were significantly reduced in the hippocampal CA1 area and the discrimination learning ability of developed rats were markedly improved in the Astragulus-membraneaceus-treated group as compared with those in the model group (26) .
In vitro, the neuroprotective effect of ginsenoside Rg1 was due to a decrease in the expression of Caspase-3 and an increase in the ratio of Bcl-2/Bax at the protein level in primary cultured rat hippocampal neuronal cells treated with Aβ (25) (26) (27) (28) (29) (30) (31) (32) (33) (34) (35) amino acids) (16) . Previous studies by our group have also demonstrated that ginsenoside Rb1 (27) , Panax quinquefolium L. saponin (28) , Astragalus injection (29), Polygonatum polysaccharide (17) and white hyacinth bean polysaccharide (18) exhibited activity against apoptosis of rat cerebral cortical neurons induced by hypoxia-reoxygenation primary culture, and their neuroprotective effects against the apoptosis of neurons significantly reduced the levels of Bax and Caspase-3 protein and mRNA expression, increased the levels of Bcl-2 protein and mRNA expression and elevated the ratio of Bcl-2/Bax. In the present study, AMPS significantly prevented apoptosis of cerebral cortical neurons exposed to hypoxia. Furthermore, AMPS significantly downregulated the levels of Caspase-3 and Bax mRNA expression between 0.025 and 0.05 g/l and the levels of Caspase-3 and Bax protein expression between 0.025 and 0.25 g/l. AMPS caused a significant upregulation of the levels of Bcl-2 protein expression between 0.025 and 0.25 g/l and the ratio of Bcl-2/Bax between 0.025 and 0.05 g/l for mRNA expression and between 0.025 and 0.10 g/l for protein expression.
In TCM, polysaccharides contained in Chinese Medicinal Herbs with qi-invigorating properties are applied to improve immune function for treating diseases. However, it has been found that polysaccharides from Chinese Medicinal Herbs with qi-invigorating properties exert antioxidative, anti-apoptotic and anti-aging effects. Since ginseng, Astragalus and Polygonatum have been applied to treat ischemic cerebral and neurodegenerative diseases and anti-aging in TCM and rhizoma Atractylodis macrocephalae is, as ginseng, Astragalus and Polygonatum, a qi-invigorating herb in TCM and AMPS is an active ingredient of rhizoma Atractylodis macrocephalae, AMPS may be applied to prevent and treat ischemic cerebral and neurodegenerative diseases and anti-aging in a single herb or combined preparation. AMPS may be administered orally and intravenously. The neuroprotective effect of AMPS against neuronal apoptosis induced by hypoxia may be due to their capability to significantly decrease the levels of Bax and Caspase-3 genes and protein expression, and increase the levels of Bcl-2 protein expression, thus elevating the ratio of Bcl-2/Bax in hypoxic neurons. These data provide a theoretical basis and hypothesis for the reasonable administration of AMPS in preventing and treating ischemic cerebral diseases and aging effects.
